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1. PURPOSE

The purpese of the test was to determine whether the vented nickel-
cadmium battery for the E-41 Alarm would withstand two hundred (200) eycles
as specified in Amendment Wo. 1, SCL-6837,

TSR, ABSTRACT
\ A cycling unit was designed and bullt to perform the 1lifa cycle
tests on tho E-41 alarm battery. Considerable electirical trouble was ex-
perlenced with tho motor penerator charging source,

{a. The inttlal battery capacities wero lower t¢han expected from our
previous acceptanco test data., This was traced to insufficient overcharge
of the positive plate,

3. Tn vinw of the fact that the attainment of complete charge of the
rositiva nlatos aftar tho eapacity nyele could not ba roadily aceomplished
by oxtendlng the constnnt potential charge to four (45/;ours, this charge
was changoed to constant current.

3: Tho battorics successfully passed the two hundred (200) charge -

dischargo cycles,
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3. CONFERENCES

(1) At Gould-National Batteries, Inc., Easthampton, lass,,
¥r. S, Januszkiewlcz of Gould-National Batteries, Inc., lessrs. T. Strozyk
and M, Pookop of Chewmlcal Warfare, and iirs. S. Duze of U, S. Army Research
and Developwent laboratories - February 16, 1961,

Concuirrent cycling tests by the Chemical Corps that hnd exceeded two
hundred (200) cycles wore disoussed, These were oarried out manually with
each discharge proceeding to 20,00 volts, It had been found necessary to
introduce occaslonal constant potential charges of four (&) hours in order

to recover small capacliy lossos on cycling,



L, FACTUAL DATA
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Introduction

The original contract proposal (5C1-68373 5 October 1959) sti.

pulated that the battery undergo 200 cycles of charge and discharge at 80°F,

This battory for the E.41 alarm oonsists of 20 NICAD . CCK5XMN cells, having

a nominal 6 AJHy of capaclty. The schedule called for one (1) cycle to be

performed every twenty-four (24) hours according to the followlng sequences:

wy,
b,
Ce
d.

G

£

Charpe at the five (5) hour rote for 7 hours,

Battery on open circuit shall stana for 2% hours,

Discharpge at 0.500 ampere for 12 hours.

Battery on open circuit stand for 24 hours,

On ovory 14th cyclo, the battery shall be discharged at 0.500
ampere to 20 volts, and on the succeeding cycle recharged at

tho five (5) bour rato to 0, of the capaclity removed,

The total elapsed timo for steps (a) to (d) shall be 24 hours,
For step (e) the open circuit time miy be adjusted so that

each cyclo lnsts 24 hours."

Thls schedulo was modifiled as follows by SCL-6837 - Amendment No. 1,

|Ia‘

b,
[¢«1%
d.

G

29 January 1960
Charge at a constant potential of 31.0 t 17 volts (1.55 volts
per cell) for two (2) hours.
Battery on open eircult stand for five (5) hours,
Discharge at 0.500 ampere for twelve (12) hours,
Battory on open circuit stand for five (5) hours,
On every lhth cycle, the battery shall be discharged at 0,500
ampere to 20,0 voits and on the succeeding cycle recharged at

31,0 ¥ 1% volts (1,55 volts per cell) for four (4) hours.
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f. The total elapsed time for steps (a) to (d) shall be twenty-four
(24) hours, For step (e) the open circuit time way be adjusted
50 that each oycle lasts twenty-four (24) hours,"

In additlon to the change in the oycling schedule, the amendment pro-
vided for the method of selection of the batteries. This was based upon
tho lot size of the batteries - Af under 66, one (1) per lot; Aif 66-200,
two (2) per lot, Also provided for was an adjustment schedule in the cone
tract 1f the batteries failed the required life tests,

be Apparatus

The cycling apparatus to fulfill the requirements of the cycling
schedule was custom designud and built at NICAD, A detalled description of
the panol 4s presonted in the attached NICAD Drawings - CPA~3805.1, .8.

Th; cyeling board consists of two (2) 1dentical unlts in parallel.
Zach board operntes independently of the othor oxcept for their common

charring source and timer on which independent eams are driven by the same

motor unit, The operation of the board can bto made cither antomatic or manual

by merely chanping the switches lecated on tho panol board.

The chargine sourece was a Ooneral Eloctric Alreraft Energilzer
tlodel SBY203AL: 14-35 Voltis Direct Current; 265 Amperes Continuouss 500
Amperes Intermittent. The voltage controls were rewired to allow adjustment
at the front of tho cycling pancl. Although this unit was purchased as a
reconditioned item it gave considorable mechanical trouble, During the
course of the cycling, it was necessary to replace the voltage regulator
and brushes, resurface the Itor due to poor contact of the voltage regu-
lation brush, and replace the field coils due to an internal short, As ean
be intimated from the above, the greatest difficulty during the oycling
test was the most oritical unit, the charging source,

The cycling timer was lodel MC~12 made by Industrial Timer Cuiip.,

L.,
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Newark, New Jersey, This timer makes one (1) revolution every 24 hours. The
operation of each battory is controlled by two (2) cams, one for charging and
the other for discharging. The operation of charge, discharge and open clr-
cult is controlied by energlzing meroury relay switches on the panel. Although
this timer 1g satisfactory for the required cycling schedule, the use of a more
olaborate timer would be justified te allow the sasy changecver to other cy-
¢ling schedules, as for oxample (aftor every fou. teenth (1i4th) cyele,).

Tho layout of the chargo and dlacharge circults igs réédily under-
stood., The charge circuit from busbar to busbar as in Figure I consists of
the battery, a Recdc Model 16 (0.50) ammeter; a Weston 50 Empere-shunt; a
Struthers - Dunn Ine, mercury relay, type UBAXA3, contact rating 45 ampere -
115 volts A,C.3 a S.P.3.T. 60 ampere manual switcaj and a 50 amperse fuse, TIhe
wiring was mado as large hs practlical to decrease the ohmlc resistance losses
batween the busbar voltage and the battury terminals, The discharge circult
as in Fipure I consists of the battery, a Decdo Modol 16 (0-1) ammeter; a
Woston 1 ampore shunt; a Ebert Electronic Inc., wercury relay, Type HD-l,
contact rating 12 amporus 115 velt D.Ces a S.PeS.T. 12 ampere manual switchj
a 1 ampere fuse; and two (2) Jagabl resistors in series, one 88 ohms - 1.2
amperes and the other 11 ohms - 5,0 amperes.

c. Cycling Test

The batterles for the cyeling test sclected by the Signal Corps
were Nos. 28 and 83 from Lot Nos., 2 and 3 respectively. They were subjected
to cycling as per the amended schedule, As a matter of practice, the disa
charge was started at 8:00 A,M, In several instances where it was desired
to check time variations on battery capacity, the discharge rate was doubled
s0 that the discharge could be completed within the normal work day., A

complete sumnary of capacity cycles is presented in Table No. 1.
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The cells wers subjected to an initlal cycle capacliy test after a

four (&) hour charge at 1,55 volts/cells The battery capacitles were on i
the low side both with rospect to the desired inltial capacity and that % |
preaviously found during the acceptance tests, Previous experience had ' ‘
indicated that ﬁith oontinued overcharge on cycling the capacity of the
colls would lmprove,.
The fourteenth cycle capacity discharge did not show any improvement
so a chock was mide of the time cycle which was recoraed with an Esterline.
Angus Model AW Recording Ammeter modified for use as a voltmeter, It was
found that several time adjustments were required, Table No. II indlcates
the actual time cycles before and after adjustment, In addition there are
presented the tlmes at the end of cycling. It can be seen that the oycling
times fulfill the specification requirement within the limits of the
agjustoont that can be wvade on the swall eams, It had also baen obsarvod
that although tho voltage was proporly sot at 3L.0 volts befure leaving at
night, in the morning it would be betweon 30,0 and 30.2 volis.
A rocheck of the capacity on the nineteenth (19th) cyele indicated
that thore had not boen a ecapacity improvement with the adjusted charge
time, The batteries were discharged for o total of eight hours using an
oxternal voltage to equalize tho cells. This Posulted in a substantial
increase in capacity on the next cycle as shown in Table No, 1, On the
twenty-eighth (28th) cycle, the cell capacitiss were again low since
conslderable trouble was experlenced with the charging voltage.
After the thirty-fifth (35th) cycle, the voltage regulator broke down
in a way that did not allow the charge voltage to exceed 28 volts. Inasmuch
as this occurred during the waekend, these three cycles were discarded,
The batteries were left in the discharged state while the generator was

being repaired,
-8 -
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The oycling was then resumed using only the regular two hour
charge at 1,55 volts/cell, A recheck of copaclty was made on the fifty-
third (53rd) cycle to determine Af the capacity had .Awproved with the
repair of the generator. In view of the fact that the capacity was mar.
ginal, the cells wore given a constant current charge to fully charge
both plate groups, This procedure led to an immediate capaclty lmprovement.

It has been found in other work that in constant potential
cycling thers will be a very pgradual decreuase in capacity if the charge
conditions arc not ideal. One of the most important is the necessity
of the high initial in.rush curront. This high in-rush and the efficlency
of the conversion of nickelous to nickeliec hydroxide are related. As has
been found in other instances, the higher current density increases the
officlency of the roactlon, In our apparatus it was not possible to adjust
tho voliage at tho battery terminals and as a result the in-rush currcent
w1s limlted to 2 cortaln oxtent by the ohmlc rosistance of the lead wlres
and instrumentc, In constant potential charging the ovorcharge of the
positivo plate 15 of course llmitod by the full charge of the negatlive
plates. It is most prcbable that the effect of the deereased positive
plate chareo efficiency which is an undercharged positive electrode, could
have beon overcome if the constant potential charge were extonded from two to
four hours, This point has been substantiated in tests on these batterles
by the Chemical Corps. (Ref, 3(1)).

Inasmuch as the cyecling apparatus was not designed to readlly
go from two tc fur hours of constant potential charge, it was decided
to u:a constant current charge tec equalize the plate capaclty after
avery fourteenth cycle. A four hour charge would have reguired manual
control of the cycle. To fulfill other requirements, this would have moant
that a Technlclan would have been needed for a 1:00 A,M. to 5300 A.M. shift
in addition to the long discharge. Since funds were not avallable and

- 10 -




nothing would have been learned, a constant curreni charge appeared reasonable.
The charge following the aischarge to 20.00 volts was done at one ampere
overnight,

As an afterthought, the same effect could have been accomplished
by carrying the discharge beyond zero (0) volts using an external potential
and recharging at conztant potential for twe (2) hours as was done on
cysles 19 ani'zo.

The tattery oycling from this point to the 177th cycle was
routine. Prior to the next cycle, 1t was necessary to shut off the elec.
tric power to the plant to allow electric crews to install new 1;nes to
an adjacent factory, After the 188th cycle, the motor generator broke
down when new cells for the Chemical Corps being charged from the same
source prilor to acceptance tostine were 1llowed to reverse the fields of
the generator. Aftor repairing the unit, the additioial oycles Wore Gome
pleted without aifficulty.

The electrolyta levels of the cells were adjusted in the

chargod state after overy capaclty cycle.

-1l -
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b,

5. CONCLUSIONS

The vented nickel-cadmium battery desipned for the E-41 mini.
aturized point source alarm has successfully ccupleted two hundred (200)
charpe - discharpe cyclos after which it is silll capable of meeting
the discharpge requirement of 0.5 ampere for 12 hours to 20,00 volts,
To fulfill this requirement it 1s necessary that tho battery have oc-
casional prolonged constant potentlal or regular constant current charge
to more fully charpge the positive and negatlve plates,
6. RECOIMENDATIONS

In future Contracts, provision should be made for approved procedures
to be followed in case of malfunction of the circult and equipment. For
example, there was not clearly defined procedure to be followed after
the breakdown of the penarator or after powor failure,

7« LOBERITFICATICN OF ITERNCILNIL

Hame Titlg Time, Hrs.
Jo Andorson Eloctrieal - Chemical Techihician 46
S. Januszkiowicz Project Leadoer 29
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